Introduction
The induction of a correct, repeatable superovulation in heifers and cows to be used as donors for embryo transfer is in some respects still open to discussion (Moor, Cahill & Stewart, 1980) . Although studies on superovulation in cattle have made progress in recent years and satisfactory results can be obtained, the variability of the response to superovulatory stimulation still poses limits to the advantages of embryo transfer (Sreenan & Beehan, 1976;  Betteridge, 1977; Saumande, Chupín, Mariana, Ortavant & Mauleon, 1978) . It (Gordon, 1975) .
Numerous studies have been published on superovulation in heifers and cows using porcine or equine pituitary FSH (Schams et al, 1978; Danner, Oxender, Fogwell & Douglas, 1979) or pregnant mare serum gonadotrophin (PMSG) (Schams et al, 1978; Aureli, Oliva & Lauria, 1979; Newcomb, Christie, Rowson, Walters & Bousfield, 1979; Saumande, 1980) . Only limited information is available at present on the use of human menopausal gonadotrophin (hMG) to induce superovulation in cattle (Newcomb, 1980) . Ten heifers were artificially inseminated and fertilized eggs were collected non-surgically on Day 8, and used for non-surgical transfer to synchronized recipients using a method developed in our laboratory (Oliva & Lauria, 1981) (Inaudi & Genazzani, 1980) , chromatographically pure standard hormones were purchased from Vister (Italy), tritiated hormones from NEN (Boston, U.S.A.) and antisera from CEA-IRE-SORIN (Italy). Plasma (1-5 ml) was extracted with 15 ml ethyl ether and, after separation of the aqueous phase, dried under nitrogen at 40°C. The dry residue was redissolved in 0-8 ml Tris-HCl buffer, pH 7-4, containing 0-01 m-EDTA and NaN3 (1 g/1). Two 0-3-ml aliquots of the redissolved samples were used for oestradiol assay. Of the remaining volume 0-1 ml was diluted to 1-3 ml with the same buffer, and two 0-3-ml aliquots were used for progesterone assay. The oestradiol assay required a 1-h preincubation of the samples with the antibody before addition of the labelled hormone (1200-1300 d.p.m./tube). The working dilution of the oestradiol antiserum was 1:150 000 and that of the progesterone antiserum was 1:25 000. After 18-20 h incubation for oestradiol and 12-14 h for progesterone, dextran-coated charcoal (1 mg/ml) was used to separate free from antibody-bound hormone.
Validation. The validation details, which have been extensively described in a previous paper (Inaudi & Genazzani, 1980) , showed good precision and a very high sensitivity. The within-and between-assay variations, expressed as the coefficient of variation (CV) were 4-8 and 9-2% for oestradiol and 10-0 and 14-2% for progesterone. The theoretical sensitivity, evaluated as described elsewhere (Inaudi & Genazzani, 1980) , was 0-11 pg oestradiol/tube and 1-02 pg progesterone/ml. 5, 10, 15, 20, 30, 45, 60, 90, 120, 150, 180, 210 and 240 min, and 5, 6, 7, 8, 9, 10, 11, 12, 18, 24, 30, 36, 48, 60, and (Oppenheimer & Gurpide, 1979 and relative to the second exponential can be determined in the same manner as described above. The step was repeated to evaluate further exponential terms.
Results
The mean (± s.d.) preinjection plasma values of immunoreactive LH for 8 samples from each of 2 animals were 1-44 ± 0-37 mi.u. hLH/ml and 3-66 ± 0-45 mi.u. hFSH/ml. After the pulse injection of hMG (1500 i.u.) the semilogarithmic plot of the plasma concentrations of hLH and hFSH against time, after subtraction of basal levels from each observation, did not yield a straight line and a curvilinear decline of hLH and hFSH was then analysed (Text- fig. 1 ). The best fit was obtained using a function with three exponential terms. For the hLH, the three components showed half-life values for Heifers 118 and 702, of 13-8 and 20 min, 130 and 164 min, and 875 and 1020 min respectively. The equations of the two curves were: C = 19-5e_0034t + 22e-0-°°48t + 16-5e-00007t and C = 18·6< 0053< + 24-3e-°0042t + 16-2e-°00078t. For hFSH, the values of the half-life relative to the three components were 21-3 and 24-5 min, 179 and 200 min, and 1075 and 1090 min, respectively, for the same 2 heifers. The equations of the relative curve were: C = 58e-°028t + 27-5e-°0035t + 29-Se-000065' and C = 55e-°032t + 42£?-00039t + 29g-000063t
All the animals injected with hMG (Groups 1 and 2) responded very well to the stimulation. Clinical examination revealed that the treatment induced a gradual development of numerous follicles which attained normal size, in all cases. Individual variability was markedly low. In the days after oestrus, a difference in behaviour was observed between the animals of Group 1 and Group 2: none of the animals in Group 2 showed persistent follicles; there were 14-3 ± 1-5 (s.d.) corpora lutea and each corpus luteum was clearly appreciable by rectal palpation. In the heifers of Group 1, the mean ± s.d. number of corpora lutea was 10-2 ± 2-5, but 4 animals also showed persistent follicles (13 in all). Although the mean degree of superovulation induced by PMSG (Group 3) was satisfactory, the individual variability was very high, the effect ranging from almost none to excessive reaction and enormous enlargement due to the large number and unusual size of some follicles that did not ovulate. The mean number of corpora lutea was 11-4 ± 8-6 (s.d.) and a total of 17 persistent follicles was found in 7 animals.
A close relationship was found between the number of corpora lutea and the embryos collected from the inseminated animals (Table 1) . PMSG also induced a marked increase in plasma progesterone to very high levels, but the rise was slower, reaching maximum values on Days 9-10. On Day 7, the difference between the mean progesterone values of hMG-and PMSG-treated heifers was statistically significant (P < 0-05).
The mean oestradiol values of the animals in Group 3 were generally significantly higher than those of heifers receiving in Groups 1 and 2, and the hormone patterns was much more irregular (Text- fig. 2 ).
Discussion
The present results show that the disappearance of hLH and hFSH from the circulation of clinically normal heifers is best described by an equation composed of three exponential terms. The very short half-life relative to the first component (13-8-20 The progesterone and oestradiol patterns are also in favour of this hypothesis. In fact the short half-life of hMG can be related to the more homogeneous and rapid increase of progesterone during the luteal phase and the simultaneous decrease of oestradiol, indicating a more synchronized effect on the activation and maintenance of follicular maturation. The slower rise of progesterone and the higher levels and irregular pattern of plasma oestradiol induced by PMSG were probably due to its prolonged stimulatory action on follicular maturation.
The hormonal results are supported by the clinical examinations, which showed a gradual development of follicles and corpora lutea in the heifers in which superovulation was induced by hMG, and more irregular development in those treated with PMSG. There was a great difference in the range of response to PMSG and hMG. The lower variability of the superovulatory effect of hMG is probably due both to its short half-life and to a more 'paraphysiologicaF response of the ovarian structures to the gonadotrophin which has a constant 1:1 FSH/LH ratio, but a shorter half-life of the LH component. The clinical findings also show that, in all 3 groups, the hormone stimulation induced the formation of about the same number of follicles per animal, although some follicles in heifers in Groups 1 and 3 did not ovulate. In Group 3 heifers there was probably a stronger and more prolonged stimulation by PMSG which induced and maintained the maturation of new follicles for a longer period. In Group 1, however, stimulation by hMG could have been insufficient.
At present it is difficult to establish whether the improved results obtained in this experiment with hMG were due to the higher total dose of Pergonal (2100 i.u. FSH) or to the treatment schedule (2 injections daily for 5 days, instead of 1 injection daily for 3 days). On the basis of both clinical and endocrinological findings, we are in favour of the latter possibility which we hope to verify in subsequent experiments.
